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© According to the present invention, a large com- 
pensation effect can be obtained in a small operation 
volume regardless of which one of a distortion due 
to a frequency selective fading and a distortion due 
to an interference of adjacent waves is ruling. In the 
present invention, a principal wave signal and signals 
of channels adjacent to both sides of said principal 
wave are taken out, and power of these signals is 
compared to select either one of the fractional inter- 
val equalizer (16) and the linear decision feedback 
equalizer (17). 
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BACKGROUND OF THE INVENTION 

The present invention relates to a data receiv- 
ing system to be used for a portable digital tele- 
phone set, a car digital telephone set or the like. 

Portable telephone systems have been pro- 
gressively digitalized in the recent years and devel- 
opment of digital data receiving units has been 
promoted. Under this circumstance, the use of 
equalizers in the portable telephone systems is 
now essential and unavoidable in Europe. Since 
portable telephone sets are driven by batteries, it is 
necessary to develop receiving units requiring 
small power consumption. Therefore, development 
of data receiving units including equalizers with 
less operation for signal processing is more impor- 
tant. 

Conventional data receiving units will be ex- 
plained below. 

Fig. 1 shows a structure of the main part of the 
conventional data receiving unit. In Fig. 1, 21 des- 
ignates a receiving antenna, 22 a receiving filter 
and 23 an equalizer. 

Operation of the above prior-art example will 
be explained. Referring to Fig. 1, a signal received 
by the receiving signal 21 is processed by the 
receiving filter 22 so that a signal of only a desired 
channel is taken out. This extracted signal be- 
comes an equalizer input 25 and is inputted to the 
equalizer 23. The equalizer 23 removes a distortion 
of a transmission path from the signal outputted 
from the receiving filter 22 and outputs a received 
data 24 with small error. When the signal is being 
transmitted after having been modulated by the 
MSK (Minimum Shift Keying) system or the GMSK 
(Gaussian-filtered Minimum Shift Keying) system or 
the like, T, which is the time necessary for trans- 
mitting one-bit signal, becomes T 
(1 /transmission rate). 

' Configuration examples of the equalizer used 
for the above data receiving unit will be explained 
below with reference to Figs. 2A to 2C. Fig. 2A 
shows an example of a fractional interval equalizer. 
Fig. 2B shows an example of a linear decision 
feedback equalizer, and Fig. 2C shows an example 
of a fractional interval decision feedback equalizer. 
In each of these drawings, 26 designates a delay 
unit (T/2), 27 a delay unit (T), 28 an amplifier, 29 
an adder and 30 a discriminator. A number of taps 
and an interval of the fractional interval equalizer 
are different depending on the conditions under 
which these units are used. 

The fractional interval equalizer will be ex- 
plained. In Fig. 2A, the equalizer input 25 is first 
applied to the delay units 26 and is stored in a 
delay line of a fractional interval. The equalizer 
input is then weighted to compensate a distortion 
of a transmission path by the amplifier 28, and is 
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added together by the adder 29. Plus or minus of 
an output from the adder 29 is discriminated by the 
discriminator 30 so that the received data 24 with 
small error is produced. Since this equalizer has 
5 fractional intervals for taps, or tap intervals are 
sampled in fine fractions, it is possible to handle 
data of a wide range. Therefore, this equalizer can 
compensate not only a distortion due to a mul- 
tipulse frequency selective fading but also a fading 
io due to an interference of adjacent waves. 

The linear decision feedback equalizer will be 
explained below.. In Fig. 2B, the operation of the 
equalizer is the same as the operation of the equal- 
izer in Fig. 2A, except that the forward side of the 
is equalizer, or the portion above the adder 29 in Fig. 
2B, has a symbolic interval (T) for the delay quan- 
tity of the delay unit 27. At the backward side of 
the equalizer, or at the portion below the adder 29, 
the received data 24 is stored in the delay unit 27,' 
20 weighted by the amplifier 28 and is added by the 
adder 29. Since this equalizer has the backward 
side, it can reduce error rates of the received data 
24 further than an equalizer having only the frac- 
tional interval equalizer or the forward side, for a 
25 frequency selective fading (when the delayed wave 
is smaller than the main wave). However, this 
equalizer can not compensate a distortion due to 
an interference of adjacent waves. 

Next, the fractional interval decision feedback 
30 equalizer will be explained. In Fig. 2C, the opera- 
tion of the forward side is the same as the opera- 
tion of the fractional interval equalizer shown in Fig. 
2A, and the operation of the backward side is the 
same as the operation of the linear decision feed- 
35 back equalizer shown in Fig. 2B. Since this equal- 
izer has the backward side, this has the same 
performance as that of the equalizer in Fig. 2B for 
a frequency selective fading. Further, since the 
forward side of this equalizer has fractional inter- 
40 vals, this equalizer can compensate a distortion 
due to an interference of adjacent waves. 

However, according to the above-described 
prior-art data receiving units, there are following 
problems. The fractional interval equalizer is in- 
45 ferior to the decision feedback equalizer in the 
performance for a frequency selective fading, the 
linear decision feedback equalizer can not com- 
pensate a distortion due to an interference of adja- 
cent waves, and the fractional interval decision 
so feedback equalizer has a large volume of operation 
because of a large total number of taps involved. 

SUMMARY OF THE INVENTION 

55 It is an object of the present invention to pro- 

vide an excellent data receiving unit which can 
compensate, in a predetermined small operation 
volume, both ^distortion due to a frequency selec- 
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five fading and a distortion due to an interference 
of adjacent waves. 

In order to achieve the above object, the data 
receiving unit of the present invention includes 
receiving filters for taking out a signal of a principal 
wave and signals of channels adjacent to both 
sides of the principal signal from a received signal, 
an equalizer having a fractional interval equalizer 
and a linear decision feedback type equalizer to 
remove a distortion of a transmission path from the 
received signal taken out from the receiving filters, 
and an equalizing controller for comparing power of 
the signals of the principal wave and each of the 
adjacent channels to select either one of the frac- 
tional interval equalizer and the linear decision 
feedback equalizer. 

With the above structure, the data receiving 
unit of the present invention can select the linear 
decision feedback equalizer when the distortion 
due to the frequency selective fading is ruling and 
can select the fractional interval equalizer when the 
distortion due to the interference of the adjacent 
waves is ruling, so that the data receiving unit can 
compensate both the distortion due to the fre- 
quency selective fading and the distortion due to 
the interference of the adjacent waves, in a pre- 
determined small operation volume. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram for showing the main 
part of the conventional data receiving unit; 
Figs. 2A to 2C are block diagrams for showing 
examples of the equalizer used in the conven- 
tional data receiving unit; 

Fig. 3 is a block diagram for showing the main 
part of the data receiving unit according to one 
embodiment of the present invention; 
Fig. 4 is a block diagram for showing the equal- 
izer according to the present embodiment; 
Figs. 5A to 5C are frequency spectrum dia- 
grams for showing the relationship between the 
principal wave and the adjacent waves, to ex- 
plain the operation of the present embodiment; 
and 

Fig. 6 is a diagram for showing another embodi- 
ment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Fig. 3 shows the configuration of one embodi- 
ment of the present invention. Referring to Fig. 3, 1 
designates a receiving antenna and 2, 3 and 4 
designate receiving filters. The receiving filter 2 
takes out a signal (adjacent wave A) of the fre- 
quency higher than the frequency of the principal 
wave, the receiving filter 3 takes out the principal 
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wave and uses its output as an equalizer input 13, 
and the receiving filter 4 takes out a signal 
(adjacent wave B) of the channel of the frequency 
lower than the frequency of the principal wave. 5 
5 designates an equalizing controller which compares 
power of the signals taken out by the receiving 
filters 2, 3 and 4 respectively and controls an 
equalizer 6. The equalizer 6 includes a fractional 
interval equalizer and a linear decision feedback 
w equalizer which are structured by delay units (T/2) 
7, delay units (T) 8, amplifiers 9, an adder 10 and a 
discriminator 11, both the fractional interval equal- 
izer and the linear decision feedback equalizer 
being capable of being selectively changed over by 
/5 a selective switch 12, as shown in Fig. 4. In Fig. 4, 
14 designates received data and 15 designates an 
equalizing control signal. 

The operation of the above embodiment will be 
explained with reference to Figs. 3 to 5. In Figs. 3 

20 and 4, when a signal has been received by the 
receiving antenna 1 , a signal (adjacent wave A) of 
the channel with a higher frequency than the fre- 
quency of the principal wave is taken out by the 
receiving filter 2, and this signal is inputted to the 

25 equalizing controller 5. The principal wave is taken 
out by the receiving filter 3 and is applied as the 
equalizer input 13 to both the equalizer 6 and the 
equalizing controller 5. A signal (adjacent wave B) 
of the channel with a lower frequency than the 

30 frequency of the principal wave is taken out by the 
receiving filter 4 and is applied to the equalizing 
controller 5. The equalizing controller 5 then com- 
pares the power of these three kinds of signals and 
selectively decides whether the equalizer 6 is to be 

35 used as the fractional interval equalizer using the 
delay unit 7 or the equalizer 6 is to be used as the 
linear decision feedback equalizer using the delay 
unit 8. According to the present embodiment, the 
power of the adjacent wave A and the power of the 

40 adjacent wave B are added together as the total 
power of the adjacent waves, and this total power 
of the adjacent waves is compared with the power 
of the principal wave. 

When there is no distortion due to a frequency 

45 selective fading and a distortion due to the adja- 
cent waves is small as shown in Fig. 5A, power of 
the adjacent waves is small and, therefore, the 
linear decision feedback equalizer is selected. 
When a distortion due to the adjacent waves is 

50 ruling and there is no distortion due to a frequency 
selective fading (or when a distortion due to the 
adjacent waves is overwhelmingly large although 
there is a distortion due to a frequency selective 
fading) as shown in Fig. 5B, the fractional interval 

55 equalizer is selected. When a distortion due to a 
frequency selective fading is ruling because a dis- 
tortion due to the adjacent waves is small as shown 
in Fig. 5C, the linear decision feedback equalizer is 
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selected as is the case in Fig. 5A. The result of a 
selection is informed to the equalizer 6 by the 
equalizing control signal 15 and the selective 
switch 12 of the equalizer 6 is controlled. 

The equalizer input 13 is stored in the delay s 
lines of the fractional intervals and symbolic inter- 
vals (T) by the delay units {J/2) 7 and the delay 
units (T) 8 in the equalizer 6. Data from each tap is 
selected such that when the fractional interval 
equalizer has been selected by the change-over of w 
the selective switch 12 based on the equalizing 
control signal 1 5, data from the delay line of frac- 
tional intervals is selected and when the linear 
decision feedback type equalizer has been se- 
lected, data from the delay line with symbolic inter- is 
vals is selected. The selected data is then inputted 
to the amplifier 9, is weighted to compensate a 
distortion of a transmission path, and is added 
together by the adder 10. Plus or minus of an 
output from the adder 10 is discriminated by the 20 
discriminator 11, and the result becomes the re- 
ceived data 14. When the linear decision feedback 
equalizer has been selected, the data becomes 
feedback data to the backward side. The received 
data 14 is then decoded. 25 

As explained above, according to the present 
embodiment, the principal wave and adjacent 
waves A and B are taken out through the three 
kinds of receiving filters 2, 3 and 4 from the signal 
received by the receiving antenna 1. Based on the 30 
ratio of the power of these signals, the equalizing 
controller 5 selects the equalizer 6 to be used as 
the linear decision feedback equalizer when a dis- 
tortion due to a frequency selective fading is ruling 
and selects the equalizer 6 to be used as the 35 
fractional interval equalizer when the influence of a 
distortion due to the adjacent waves is ruling. 
Therefore, there is an effect that both a distortion 
due to a frequency selective fading and a distortion 
due to an interference of the adjacent waves can 40 
be compensated in a predetermined small opera- 
tion volume. 

Although the fractional interval equalizer and 
the linear decision feedback equalizer are integrally 
structured according to the present embodiment, 45 
the fractional interval equalizer 16 and the linear 
decision feedback equalizer 17 may be separately 
structured as shown in Fig. 6. In this case, the 
structure shown in Fig. 2A and the structure shown 
in Fig. 2B may be directly used as the fractional so 
interval equalizer 16 and the linear decision feed- 
back type equalizer 17 respectively. 

Claims 

55 

1. A data receiving system, comprising: 

a receiving filter for taking out a signal of a 
principal wave and signals of channels adja- 



cent to said principal wave, from a received 
signal; 

an equalizer (6) having a fractional interval 
equalizer and a linear decision feedback equal- 
izer for removing a distortion in a transmission 
path from said received signal; and 

an equalizing controller (5) for deciding 
which one of said fractional interval equalizer 
and said linear decision feedback equalizer is 
to be selected from said equalizer (6). 

2. A data receiving system according to Claim 1 , 
wherein said data receiving system has three 
receiving filters (2, 3 and 4) instead of one 
receiving filter, corresponding to a principal 
wave and two channels adjacent to both sides 
of said principal wave respectively. 

3. A data receiving system according to Claim 1 , 
further including an equalizing controller (5) for 
comparing power of a principal wave and 
channels adjacent to both sides of said princi- 
pal wave to select either one of said fractional 
interval equalizer and said linear decision feed- 
back equalizer. 

4. A data receiving system according to Claim 3, 
wherein power of a principal wave is compared 
with a sum of power of said two adjacent 
channels. 

5. A data receiving system, comprising: 

a receiving filter for taking out a signal of a 
principal wave and signals of channels adja- 
cent to said principal wave; 

a fractional interval equalizer (16) for re- 
moving a distortion in a transmission path from 
said received signal; 

a linear decision feedback equalizer (17) 
for removing a distortion in a transmission path 
from said received signal; and 

an equalizing controller (5) for comparing 
power of a principal wave and power of chan- 
nels adjacent to both sides of said principal 
wave to select either one of said fractional 
interval equalizer and said linear decision feed- 
back equalizer. 

6. A data receiving system according to Claim 5, 
wherein said data receiving system has three 
receiving filters (2, 3 and 4) instead of one 
receiving filter, corresponding to a principal 
wave and two channels adjacent to both sides 
of said principal wave respectively. 

7. A data receiving system according to Claim 5, 
further including an equalizing controller (5) for 
comparing power of a principal wave and 
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channels adjacent to both sides of said princi- 
pal wave to select either one of said fractional 
interval equalizer (16) and said linear decision 
feedback equalizer (17). 
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© Equaliser, operable in decision-feedback or fractional modes. 



.© According to the present invention, a large com- 
pensation effect can be obtained in a small operation 
volume regardless of which one of a distortion due 
to a frequency selective fading and a distortion due 
to an interference of adjacent waves is ruling. In the 
present invention, a principal wave signal and signals 
of channels adjacent to both sides of said principal 
wave are taken out, and power of these signals is 
compared to select either one of the fractional inter- 
val equalizer (16) and the linear decision feedback 
equalizer (17). 
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